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Abstract: Pasta with eggs added (generally termed “special pasta” for Italian legislation) is made by
adding no less than 4 eggs without shells (or no less than 200 g of liquid or lyophilized egg product)
per kilogram of semolina, as provided by law. In this work, to determine the final content of eggs
added to dough, an analytical procedure was developed for the rapid analysis of the cholesterol
content in the finished pastas. The proposed procedure was simpler, faster, and more accurate than
that of official methods of analysis based on the gravimetric determination of sterols. Moreover,
the determination of the quality of fat content in the special pasta (egg pasta in this case) allowed
the evaluation of its origin, avoiding possible fraud resulting from the addition of foreign fat as
an alternative to fat derived from eggs. In this new gas chromatographic procedure, the internal
standard squalene for the quantification of cholesterol was used because a more polar GC capillary
column was used (RTX 65 TG-HT) for the separation of sterols, rather than 5% phenyl methylsilicone.
The ratio between cholesterol and squalene allowed for the determination of the number of eggs
added, while from analysis of the same gas chromatogram, it was also possible to evaluate the
composition of triglycerides in the fat contained in the pasta, allowing discrimination of foreign
fats with respect to fats contained in eggs and therefore avoiding adulteration of pasta. The same
analytical procedure was applied to the determination of cholesterol content in lyophilized yolk.
Keywords: special pasta; gas chromatography; fats; cholesterol; squalene; lyophilized yolk;
egg number
1. Introduction
Pasta is a popular food throughout the world and its consumption is rapidly increasing worldwide
because of the simplicity of its preparation and its pleasant taste. The origins of pasta are very old,
and it is unknown where it was first used [1–4]. According to current legislation, “special pasta”
is pasta that, in addition to containing water and durum wheat flour or semolina, makes use of
other ingredients (eggs, vegetables, spices, etc.). This must be marketed with the term “pasta made
from durum wheat flour or semolina” followed by the ingredient(s) used. In particular, egg pasta is
Foods 2018, 7, 131; doi:10.3390/foods7090131 www.mdpi.com/journal/foods
Foods 2018, 7, 131 2 of 11
a product obtained from processing dough based on semolina flour and at least 4 whole eggs without
shell (or the equivalent in egg liquid product or lyophilized product), with an egg ratio/flour ratio
of 1/5 (e.g., 200 g of shell-less egg, or the equivalent in egg liquid product, per 1000 g of semolina).
Egg pasta is, therefore, a type of special pasta that meets additional requirements and must be marketed
with the term “egg pasta” [5].
The terms egg pasta and fresh pasta are not necessarily synonymous. In practice, egg pasta can
be both fresh and/or dried, taking into account that fresh egg pasta can be made at home, in the
lab or even on an industrial scale and immediately frozen or immediately used. However, dry egg
pasta is sold packaged, similar to semolina pasta. Eggs can be replaced by a corresponding amount of
liquid or solid egg product made exclusively from chicken eggs, according to legal requirements [6,7].
Furthermore, the presence of common wheat flours is tolerated at no more than 3% (w/w). The actual
official reference methods for the determination of the number of eggs in egg pastas are essentially
based on a determination of the total sterols and ethereal extract fat content [5]. Since the commercial
value of egg pasta is related to the number of added eggs, it is very important to have an accurate
method for accurately determining egg content.
The determination of cholesterol content allows the determination of the number of eggs added
to the pasta because it is present only in eggs (animal fat) and is not present in semolina (vegetable
fat). The current legislation does not indicate any instrumental reference method that can be used to
ascertain the number of eggs in special pasta to highlight potential fraud. One method, although not
official, has been proposed by Muntoni et al. (1966) and is based on determining the relationship
between cholesterol and β-sitosterol and/or between cholesterol and campesterol [8] and is used
as a reference method. The sterols β-sitosterol and campesterol are naturally present in the bran,
while cholesterol is introduced by the addition of eggs to flour. Due to high variability of these
vegetable sterols, the method is highly inaccurate.
Another source of error is that the value of cholesterol content in eggs fluctuates over a relatively
wide range, and the average value found in the recent literature was found to be much lower than
that determined in the early 1960s [9,10]. In fact, significant experimental data have shown that the
total free cholesterol content was in the range 120–193 mg/egg (average value 157 ± 3 mg/egg) [11],
lower than the previously reported value of 213 mg/egg [12]. For many years, great attention has
been devoted to the identification of the main risk factors for cardiovascular disease, and in this
context, several epidemiological studies have demonstrated the existence of a relationship between
mortality from cardiovascular disease and cholesterol blood levels [13]. To date, no research has
clearly established a link between egg consumption and risk for coronary heart disease and this should
suggest the need of a more in-depth reevaluation and reconsideration of the association between the
intake of cholesterol-related foodstuff and human health. In addition, data from recent studies show
that the consumption of one or two eggs per day, when part of a low-fat diet, does not adversely affect
the lipid profile; the other way around, the preclusion of eggs from the diet may represent a potential
reduction in the overall dietary quality. However, some recent studies have highlighted that there is no
risk to human health, even assuming a consumption of 2–3 eggs per day, which was contrary to what
had been accepted for many years [14–17]. In truth, the consumption of up to 3 eggs per day resulted in
an overall beneficial effect in terms of the biomarkers associated with CVD risk [18]. The determination
of cholesterol content in egg pastas is important only for commercial aspects, and not for human
consumption because it is not a concern for human nutrition (USDA guidelines). In addition, eggs can
be an important food source for improving the plasma carotenoid status in a population at high risk
for cardiovascular disease and type 2 diabetes [19].
Moreover, since a freeze-dried egg product is used in the production of egg pasta, it is necessary
to know the number of eggs used in the freeze-dried product and to determine the correct cholesterol
content, starting from a fixed product, to determine the correct addition of the lyophilized product.
However, it was not easy to obtain this information on an industrial level; thus, it was necessary to
establish an average value of cholesterol per egg that was close to the results of the analysis conducted
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using predetermined egg pasta and the desired number of eggs that the producer intended to add to
the semolina.
The first aim of this study was to provide operators in the egg pasta industry with a standardized
procedure, based on gas chromatography equipped with FID (flame ionization detector), to enable
determination of the final content of eggs added to the dough via rapid analysis of cholesterol content,
either in the finished pastas or in the egg product. In addition, the proposed procedure could be
useful for the control of authenticity of added fat to assure the addition of eggs alone to semolina,
avoiding possible adulterations.
Finally, and more generally, given its importance from a health perspective, another aim was to
obtain a rapid procedure for the determination of cholesterol in different food matrices.
2. Materials and Methods
2.1. Equipment
A Waring blender (New Hartford, CT, USA) with a 0.106-mm sieve, vacuum chamber, a 28 cm-long
glass column with a porous separator and 3.5 cm diameter, and a nitrogen cylinder were used.
The standards, reagents and solvents used were all of analytical grade. The standards cholesterol,
squalene beta-sitosterol, cholestanol, n-octacosane, mono-, di-, and triglycerides kit; diethyl ether,
anhydrous sodium sulphate were purchased from Sigma-Aldrich (Milan, Italy).
Instrumentation: An Autosystem XL gas chromatograph (Perkin Elmer, Norwalk, CT, USA)
equipped with a programmed split-splitless (PSS) injector and flame ionization detector (FID) and
connected to a Turbochrom version 4.1 data acquisition system was used for cholesterol analysis.
For the separation steps, a PK 131 centrifuge (ALC International, Milan, Italy) and a rotary evaporator
(Heidolph, Laborota 4000, Schwabach, Germany) were used.
2.2. Sampling
Durum wheat pasta samples used for experimentation were four different Italian brands and were
purchased at local markets. The production date and percentage of egg content added for each pasta
sample were recorded. First, 250 g of each commercial egg paste sample was homogenized in a Waring
Blender at 24,000 rpm. Subsequently, the powered samples were dried in an oven at 50 ◦C for 12 h
before being subjected to the cholesterol extraction procedure. Two lyophilized yolk samples (A and B)
purchased at the market were analysed following the same procedure. Four standard samples of
semolina were added with a measured quantity of cholesterol and vegetable olive oil to prepare four
standard samples of pasta. Standard samples of semolina received 300, 600, 900 or 1200 mg cholesterol
per kg and were analysed for recovery. These samples were analysed in triplicate to determine the
recovery of cholesterol.
2.3. Preparation of Samples for Analysis
2.3.1. Analysis of Pasta Samples
Pasta (100 g) was ground in a Waring blender and sifted through a 0.106-mm sieve. A column
with a filter at the base was filled with the sieved pasta to approximately one-quarter of the total
volume and attached to the vacuum chamber; a container was inserted under the column in the
vacuum chamber, and the system was closed to activate the vacuum. Percolation of solvent through
the column is an effective and rapid extraction technique that produces rapid, high-yield recovery
and allows the sample concentration required for an accurate quantitative analysis. A glass column
with a porous septum was attached to the end of the major column containing anhydrous sodium
sulphate. At this point, the system was ready; the vacuum was activated, and 100 mL of ethyl ether
was added to the column containing pasta (Figure 1). The fat was eluted with 100 mL of diethyl ether,
which was then passed through sodium sulphate to remove water residue. The resulting solution
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was evaporated to dryness on a rotary evaporator, and the last traces of solvent were removed with
nitrogen gas. An aliquot of 50 mg of fat was weighed on an analytical balance, and exactly 1 mL of
squalene solution (3000 ppm) was added as an internal standard (IS). The solution was vortexed until
complete dissolution of the fat, and 0.5 µL of the solution was injected into the gas chromatograph.
Finally, the areas of the peaks of squalene, cholesterol and β-sitosterol were integrated in the gas
chromatogram. The standard samples of pasta were analysed following the same procedure reported
for the pasta.
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Figure 1. System for rapid extraction of fat from powered pasta and lyophilized egg.
2.3.2. Analysis of Lyophilized Yolk
For the analysis of cholesterol content in lyophilized yolk, 10 g of powder was passed through
a column under vacuum that was approximately 25% filled relative to the total volume. The fat was
eluted with 100 mL of diethyl ether that was previously passed through sodium sulphate to remove
water residue. The resulting solution was evaporated to dryness on a rotary evaporator, and the
last traces of solvent were removed with nitrogen gas. An aliquot of 50 mg of fat was weighed on
an analytical balance, and exactly 1 mL of squalene solution (3000 ppm) was added as an internal
standard (IS). The solution was vortexed until complete dissolution of the fat, and 0.5 µL of the solution
was injected into the gas chromatograph. Finally, the areas of the peaks for squalene, cholesterol and
β-sitosterol were integrated in the gas chromatogram. The extracts were quantified with known
quantities of standard compou ds.
2.4. Chromatographic Conditions
GC conditions: Column: 65% diphenyl 35% dimethyl polysiloxane stationary phase, RTX 65
TG-HT (Re tek, Bellefon e, PA, USA); L = 30 m; i.d. = 0.25 mm; f.t = 0.10 µm. Injector program: 70 ◦C
for 12 s, increase at 999 ◦C/min to 370 ◦C, hold for 5 min. Column program: 220 ◦C for 2 min, increase
at 5 ◦C/min to 360 ◦C, hold for 5 min. FID temperature: 370 ◦C. Carrier gas: hydrogen; flow rate:
1.5 mL/min and 2.0 mL/min; Split ratio: 1:80.
The reset system of the drift (background) due to the increased temperature was used
and calibrated with three acquisitions of the baseline signal to enable better integration of the
triglycerides [20].
2.5. Analytical Validation
The calibratio curve w s prepared by adding, to a solution of cholesterol, a solution of squalene
in ethyl e her (3 mg/mL or 3000 ppm) an internal standard (IS). A calibration curve for cholesterol
was prepared by weighing aliquots of 10, 15, 30, 45 and 60 mg of cholesterol on an analytical balance
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and transferring them to three 10-mL volumetric flasks. Then, the ethyl ether solution of squalene
(3 mg/mL) was added to the mark. The concentrations of the prepared solutions were 1000, 1500,
3000, 4500 and 6000 mg/L for cholesterol, while that of the IS was always 3000 ppm. The linear
range was between 0 and 2000 ppm; the limit of detection was 10 ppm, and the precision was
5%. An aliquot of 0.5 µL of each solution was injected into the gas chromatograph, and the gas
chromatograms were acquired. The ratios between the areas of the peaks of cholesterol and squalene
(IS) obtained for the three solutions according to their cholesterol concentrations were recorded in
a graph. The experimental points obtained under these analytical conditions were modelled by the
function R = 0.000242 × C, where R represents the value of the ratio between the area of the peaks of
cholesterol and the area of internal standard, whereas C represents the concentration of cholesterol
(ppm) [11].
3. Results and Discussion
3.1. Determination of the Number of Eggs According to Muntoni’s Method
The reference methods for the determination of the number of eggs in egg pasta were essentially
based on measurement of the total sterol content because cholesterol is an animal steroid found
in eggs, while β-sitosterol and campesterol are vegetable steroids present in flour and semolina.
The current legislation does not indicate any instrumental reference method for determining the
number of eggs in special pasta or any analytical procedure to identify potential fraud. The Muntoni
method, although it is not an official method, is taken as reference method for the determination of egg
number in pasta and is based on the determination of the ratio between cholesterol and β-sitosterol
and/or between cholesterol and campesterol [8]. This method involves saponification of the sample,
which is necessary to transform the triglyceride component of the lipids in the sample, which is not
easily detectable on a non-polar column, into fatty acids. In the past, a review by Christie (1993)
reported the principles behind the more important esterification and transesterification procedures,
their advantages and disadvantages and their applications to various classes of lipids [21]. The method
proposed in this paper was also used to tentatively determine the number of eggs added to the
pasta according to Muntoni et al. (1966) [8]. In another work, it was demonstrated that it was
possible to apply such a ratio even in the analysis of fat components on a capillary column [22].
Furthermore, since it has been demonstrated that the cholesterol content in eggs was not increased
by the transesterification reaction [23,24], as compounds such as cholesterol esters are not present
in appreciable amounts, the determination of the free cholesterol content in the egg pasta remains
rigorous. However, the presence of esters of β-sitosterol and campesterol cannot be considered
negligible; in fact, they comprise approximately 5% by weight of the fat extracted from semolina
and can contribute to free sterols following the transesterification of fat. For this reason, this process
increases the variability of the content of sterols and thus the errors in the assessment of the relative
ratios between cholesterol and the other sterols.
Analysis was conducted using two procedures (data not shown), both of which showed
a percentage deviation that exceeded 30% and deviations from the true value that were as high
as 40%. These results indicated that the number of eggs was underestimated by an amount equal to
almost half of the number added, which was due to the high average value of cholesterol content in
the eggs used as a reference. To date, in the literature, some work has already been reported on the
determination of egg content in egg pasta samples [25–28], although each method provides an estimate
of this number. The reason for this limitation lies in the fact that there has been great variability
in the different parts that constitute the egg and its cholesterol content [11,29]. In this perspective,
the method presented in this work has allowed the determination of not only the cholesterol content
but also, when necessary, the composition of the fatty component triglycerides contained in the paste
in order to avoid fraudulent addition. Knowledge of the content of cholesterol in a consumer food
such as pasta is also important to help control the intake of cholesterol. In fact, it is well known
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that a balanced diet and/or a diet supplemented with active ingredients provides valuable aid in
the prevention of cardiovascular diseases and metabolic disorders [30]. There are many reports on
cholesterol determination by GC analysis [31–34], but the proposed method is interesting because it
includes direct analysis of the lipid fraction, as all of the cholesterol in the egg is present in a free form.
However, the presence of esters of β-sitosterol and campesterol cannot be considered negligible; in fact,
they make up approximately 5% by weight of the fat extracted from semolina and can contribute to the
free sterols after transesterification of fat. For this reason, this process increases the variability of the
sterol content and thus increases the errors in the assessment of the relative ratios between cholesterol
and other sterols.
3.2. Determination of the Number of Eggs According to the New Method
The official method for the extraction of the fat component from flour requires either batch
extraction in ethyl ether for twenty-four hours or Soxhlet extraction. In this study, a rapid system based
on ethyl ether percolation through flour packed in a glass column was set up and then compared with
the official methods (data not shown). The results obtained revealed that passage through a 0.106-mm
sieve allowed recovery of the fraction of the flour that was subjected to the extraction column and
extracted 98% of the fat contained in the flour, thus representing a good compromise between the
recovery efficiency of the total fat and reduced analysis time. In comparison, passage through a sieve
of 0.070 mm provided a recovery of 100% but significantly increased the analysis time (Figure 1).
The gas chromatograms reported in Figures 2 and 3 show very good separation of the internal
standard squalene from cholesterol; the triglyceride compounds derived from the fat of eggs are
also completely separated. The analysis of the triglyceride component was performed only on
a qualitative level and highlighted that only comparison with egg fat was made, but this qualitative
comparison was sufficient to identify the native distribution of triglycerides in egg fat. On the other
hand, the identification of triglyceride peaks could be achieved by comparison to a recently published
work on the triglycerides of butter [35]. In addition, from the analysis of triglycerides, it was possible
to obtain more information about the actual addition of egg fat. Moreover, it was possible to compare
the profile of the triglyceride components in the fat extracted from egg yolk (Figure 2) to values typical
of egg pasta (Figure 3). This type of control would be useful to detect any fraud in the preparation of
egg pasta, in which a quantity of foreign fat is added to increase the cholesterol content compared to
that derived only from the egg. This determination could not be obtained with the ponderal analysis
provided by the reference methods or with application of Muntoni’s method [8].
Foods 2018, 7, x FOR PEER REVIEW   6 of 11 
 
proposed m thod is inter sting because it inclu es direct analysis of the lipid fraction, as all of the 
cholesterol in the egg is present in a free form. However, the presence of esters of β‐sitosterol and 
campesterol cannot be considered negligible; in fact, they make up approximately 5% by weight of 
the fat extracted from semolina and can contribute to the free sterols after transesterification of fat. 
For  this  reason,  this process  increases  the variability of  the  sterol  content  and  thus  increases  the 
errors in the assessment of the relative ratios between cholesterol and other sterols. 
3.2. Determination of the Number of Eggs According to the New Method 
The official method  for  the  extraction of  the  fat  component  from  flour  requires  either batch 
extraction  in ethyl ether for twenty‐four hours or Soxhlet extraction. In this study, a rapid system 
based  on  ethyl  ether  perc lation  through  flour  packed  in  a  glass  column was  set  up  and  th n 
compared with  the official methods  (data not sh wn). The results obtained revealed  that p ssage 
through a 0.106‐mm  sieve allowed  recovery of  the  fraction of  the  flour  that was  subjected  to  the 
extraction  column  and  extracted  98% of  the  fat  contained  in  the  flour,  thus  representing  a good 
compromise  between  the  recovery  efficiency  of  the  total  fat  and  reduced  analysis  time.  In 
comparison, passage  through a  sieve of 0.070 mm provided a  recovery of 100% but  significantly 
increased the analysis time (Figure 1). 
The gas chromatograms reported in Figures 2 and 3 show very good separation of the internal 
standard  squalene  from  cholesterol;  the  triglyceride  compounds derived  from  the  fat of eggs are 
also  completely  separated. The  analysis of  the  triglyceride  component was performed only on  a 
qualitative level and highli t  t at only comparison with egg fat was made, but this qualitative 
comparison was sufficient to identify the n   istribution of triglycerides in egg fat. On the o er 
hand,  the  identification  of  triglyceride  peaks  could  be  achieved  by  comparison  to  a  recently 
published work on the triglycerides of butter [35]. In addition, from the analysis of triglycerides, it 
was  possible  to  obtain more  information  about  the  actual  addition  of  egg  fat. Moreover,  it was 
possible  to compare  the profile of  the  triglyceride components  in  the  fat extracted  from egg yolk 
(Figure 2) to values typical of egg pasta (Figure 3). This type of control would be useful to detect 
any fraud in the preparation of egg pasta, in which a quantity of foreign fat is added to increase the 
cholesterol content compared  to  that derived only  from  the egg. This determination could not be 
obtained with  the  ponderal  analysis  provided  by  the  reference methods  or with  application  of 
Muntoni’s method [8]. 
 
Figure  2.  Gas  chromatogram  of  fat  extracted  from  lyophilized  egg  yolk  with  the  addition  of 
squalene as an internal standard (IS). Carrier flow: 1.5 mL/min. 
Figure 2. Gas chromatogram of fat extracted from lyophilized egg yolk with the addition of squalene
as an inter al t ndard (IS). Car ier flow: 1.5 mL/min.
Foods 2018, 7, 131 7 of 11
Foods 2018, 7, x FOR PEER REVIEW   7 of 11 
 
 
Figure 3. Gas chromatogram of fat extracted from egg pasta with addition of squalene as an internal 
standard (IS). Carrier flow: 1.5 mL/min. 
The  use  of  the  internal  standard  squalene  in  place  of  cholestanol was  indispensable when 
using the polar 65% diphenyl‐35% dimethylsilicone column rather than a non‐polar column such as 
5% diphenyl 95% dimethylsilicone because the latter compound was not sufficiently separated from 
the cholesterol peak (Figure 4). However, the attempt to use n‐octacosane did not lead to a positive 
result, as its non‐polar nature meant that it did not elute properly on the polar column (Figure 5). 
Instead,  squalene,  a  very  stable  compound  in  the  absence  of  oxygen,  offered  the  advantages  of 
being  a  compound  that  is  stable  at  room  temperature  and  that  elutes  on  a  polar  column  at 
approximately  the  same  elution  temperature  as  cholesterol  does;  it  was  well  separated  from 
cholesterol,  and  it  possesses  a  comparable  number  of  carbon  atoms  to  cholesterol. All  of  these 
features make squalene  the optimal  internal standard  for cholesterol analysis when using a polar 
stationary  phase.  The  addition  of  the  internal  standard  allowed  accurate  measurement  of 
cholesterol;  in  this  way,  the  measurement  was  independent  of  the  natural  variability  of  the 
cholesterol  and  β‐sitosterol  content  in  eggs  (Muntoni’s  method).  The  natural  variability  of 
cholesterol  content  in  eggs was  reported  in  a  previous  paper  and was  in  the  range  of  120–193 
mg/egg (average value: 157 ± 3 mg/egg) [11]. This variability was not large, and the use of internal 
standards  guaranteed  a  good  value  for  the  cholesterol  added  to  pasta.  In  Muntoni’s  method, 
gravimetric determination of cholesterol was affected by larger error. 
 
Figure  4. Gas  chromatogram  of  fat  extracted  from  egg  yolk with  addition  of  cholestanol  as  an 
internal standard (IS). Carrier flow: 2.0 mL/min. 
Figure 3. Gas chromatogram of fat extracte fro e g pasta with a dition of squalene as a internal
standard (IS). Carrier flow: 1.5 L/ in.
The use of the internal standard squalene in place of cholestanol was indispensable when using
the polar 65% diphenyl-35% dimethylsilicone column rather than a non-polar column such as 5%
diphenyl 95% dimethylsilicone because the latter compound was not sufficiently separated from
the cholesterol peak (Figure 4). However, the attempt to use n-octacosane did not lead to a positive
result, as its non-polar nature meant that it did not elute properly on the polar column (Figure 5).
Instead, squalene, a very stable compound in the absence of oxygen, offered the advantages of being
a compound that is stable at room temperature and that elutes on a polar column at approximately the
same elution temperature a cholesterol does; it was well separated from cholesterol, and it possesses
a comparable number of carbon atoms to cholesterol. All of t ese features make squalene the optimal
internal standard for cholesterol analysis when using a polar stationary phas . The additio of the
internal standard allo ed accurat measurement of cholest rol; in t is way, the measurement was
independent of the natural variability of the cholesterol and β-sitosterol content in eggs (Muntoni’s
method). The natural variability of cholesterol content in eggs was reported in a previous paper and
was in the range of 120–193 mg/egg (average value: 157 ± 3 mg/egg) [11]. This variability was not
large, and the use of internal standards guaranteed a good value for the cholesterol added to pasta.
In Muntoni’s method, gravimetric determination of cholesterol was affected by larger error.
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Table 1. Comparison of number of eggs declared on the label and number of eggs experimentally by 
the determination of cholesterol. 
Commercial 
Samples 
Percentage of Added 
Eggs (Label) 
Egg Number/kg 
(*) (Declared) 
Cholesterol 
(mg/kg) 
No. Determined 
Eggs (Min–Max) 
Sample 1  19.36%  4.8  1025  4.1–5.9 
Sample 2  20.30%  5.1  1050  4.2–6.0 
Sample 3  28.30%  7.9  1100  4.4–6.3 
Sample 4  23.87%  6.3  1200  4.8–6.9 
(*) To obtain number of eggs added per kilogram of semolina, the quantity by weight of eggs added 
to one kilogram of pasta extracted  from  the percentage declared on  the  label  shall be  reduced  to 
1000  g;  the  last  obtained  value  is  divided  by  its  one‐thousandth  complement  (representing  the 
quantity to which the calculated quantity of eggs has been added), and the result  is multiplied by 
one thousand to obtain the quantity of eggs added to a kilogram of semolina. This quantity obtained 
is  finally divided  by  the  legislative  reference weight  of  an  egg  equal  to  50  g,  thus  obtaining  the 
number of eggs added to one kilogram of semolina. 
As seen from Table 1, all four commercial egg paste samples exceed the  lower limit imposed 
by current legislation, which includes the addition of at least four eggs per kilogram of semolina. It 
should be  emphasized  that  sample  3 was  labelled with  an  added  egg value of  approximately  8, 
while the value found experimentally was in the range 4.4–6.3. However, this discrepancy was only 
one  case.  There was  no  association with  high  cholesterol  content  and  standard  deviation.  The 
Gas chromatogram of fat extracted from egg yolk ith the a dition of - ctacosane.
fl . min.
The analyses of samples prepared in the laboratory gave a recovery for cholesterol of 98.7%± 0.8%.
This result was averaged on the analyses of four samples analysed in triplicate. This result guarantees
good recovery for the cholesterol and very low standard deviation.
The fat extracted from the four commercial samples of egg pasta following the official extraction
procedure was subjected to gas chromatographic analysis for the determination of cholesterol content
as reported in the experimental section. The cholesterol content values are given in Table 1. From the
cholesterol values obtained per kilogram of semolina, it was possible to trace a range of added
egg values, taking as a reference the cholesterol content in the egg range of 175–250 mg per egg.
These values provide the minimum and the maximum value of eggs found experimentally in
the literature.
l . ri f r f l r t l l r f ri t ll
t t i ti f l t l.
Commercial Samples Percentage of AddedEgg (Label)
Egg Number/kg (*)
(Declared) Cholesterol (mg/kg)
No. Determined Eggs
( in–Max)
Sample 1 1 .36% 4.8 1025 4.1–5.9
Sample 2 20.30% 5.1 1050 4.2–6.0
Sample 3 28.30% 7.9 1100 4.4–6.3
Sample 4 23.87% 6.3 1200 .8–6.9
(*) To obtain number of eggs added per kilogram of semolina, the quantity by weight of eggs added to one kilogram
of pasta extracted from the percentage declared on the label shall be reduced to 1000 g; the last obtained value is
divided by its one-thousandth complement (representing the quantity to which the calculated quantity of eggs
has been added), and the result is multiplied by one thousand to obtain the quantity of eggs added to a kilogram
of semolina. This quantity obtained is finally divided by the legislative reference weight of an egg equal to 50 g,
thus obtaining the number of eggs added to one kilogram of semolina.
As seen from Table 1, all four commercial egg paste samples exceed the lower limit imposed by
current legislation, which includes the addition of at least four eggs per kilogram of semolina. It should
be emphasized that sample 3 was labelled with an added egg value of approximately 8, while the
value found experimentally was in the range 4.4–6.3. However, this discrepancy as only one case.
There was no a sociation with high cholesterol content nd standa d deviation. The proposed method
is applicable in the range 0–2000 pm, covering the addition of 12 ggs per kg of semolina. Giv n the
great variability f the egg composition l parameters, not all compon nts will be within the limits
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imposed by law, even in the absence of fraud. However, it is desirable that the parameters provided
by law and the industrial procedures for the preparation of the egg paste take into account the new
findings and current analytical possibilities that ensure total control of the process by performing
upstream analysis on both the product and the semolina to give better control of the number of
eggs added to the pasta. On top of these considerations must be added the practical difficulty of
obtaining homogeneous mixing of the materials in very short processing times; the non-homogeneity
of the product adds yet another variable that leads non-homogeneous finished product lots in the
fundamental components. These results led to the conclusion that the determination of the number of
eggs in egg pasta using the internal standard method was more accurate than the determination based
on the ratio between cholesterol and β-sitosterol or the ratio between cholesterol and campesterol.
The former approach provides operators within this sector an accurate method to determine the
number of eggs contained in special pasta, both in the preparation phase and the analysis phase.
The law regulating egg pasta indicates that the content of total sterols in pasta made with a minimum
of four eggs must not be below 0.145 g per parts per hundred dry matter. If the average egg value that
has been reported several times in the recent literature of 157± 3 mg/egg [11] is accepted and an intake
of sterols of 100 mg/kg of semolina is considered, the total content of sterols in the dry pasta should be
0.937 g/kg or 0.0937 g as a percentage of dry matter. These results led to the conclusion that the legal
limits should be revised in light of the results obtained recently with respect to the cholesterol content of
eggs. The accuracy of the method was evaluated with a recovery test and assessments of repeatability
and linearity. The recovery test was performed by spiking the blank pasta matrix with the appropriate
amount of cholesterol standard (1000 mg/kg) before the sample extraction step. The recovery of
cholesterol was 98.7% ± 0.8%, which could be considered total recovery. The concentrations 0.05 and
2.5 g/kg correspond to the minimum and maximum average concentrations of the egg pasta products,
respectively. The spikes at each concentration were prepared in triplicate. The linearity of the method
was characterized by the correlation coefficient (R2 < 0.995), and the linearity range was between
5.0 and 6000 mg/L (n = 3). Finally, the two lyophilized egg yolk samples analysed for cholesterol
content showed a quantity of cholesterol of 1980 ± 50 mg/kg and 1850 ± 50 mg/kg, respectively.
The cholesterol content found in the lyophilized egg was in agreement with previous results reported
in the literature. This result could be explained by the fact that the lyophilizate was a homogeneous
substance, and this guaranteed an equal distribution of cholesterol in all parts. Therefore, using the
lyophilized egg in the preparation of the pasta, the distribution of cholesterol in the pasta was more
homogeneous, and for this reason, the determination of the added eggs was more accurate.
In summary, by applying this analytical determination to fat derived from special pasta,
this method allowed us to trace the number of eggs added per kg of semolina. The same analytical
procedure enabled the determination of the cholesterol content in the lyophilized yolk; the obtained
value, using an accurate average content of cholesterol in eggs, could be traced back to the number of
eggs from which a certain amount of lyophilized product was derived, allowing the addition of the
appropriate quantity of lyophilized egg as an alternative to fresh eggs. Finally, due to the large amount
of cholesterol extracted from eggs and egg pasta, it was not necessary to determine the LOD and
LOQ. In any case, these parameters were of the order of 10 ppm, a very low quantity that guarantees
accuracy for the determination of the cholesterol content at the level of 500–1000 ppm. The recovery
for the proposed method was 98.7%. Accordingly, researchers who apply this procedure can achieve
simple, rapid analysis.
4. Conclusions
The new method proposed in this paper enabled the determination of the cholesterol content
in egg pasta quickly and accurately using a very simple analytical procedure based on GC-FID
analysis. From the content of cholesterol, it was possible to determine the number of eggs added
to the pastas using a mean cholesterol content in eggs of 157 ± 3 mg/egg. The same procedure
was also used, with the exception that the Muntoni method, which is based on the ratio between
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cholesterol and β-sitosterol and/or between cholesterol and campesterol, was applied. The analysis of
the triglyceride composition of the fat was made possible by using a more polar GC capillary column
(RTX 65 TG-HT), which led to good separation on the polar stationary phase. This analysis could allow
the determination of fraud based on the addition of cholesterol as an alternative to the eggs and, at the
same time, allow the evaluation of the quality of fat added, thus avoiding possible fraud resulting
from the addition of foreign fat to the egg, a determination that would not have been possible using
weight analysis or non-polar capillary columns.
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